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Zinc finger domains are found in a variety of  protein families 
including steroid receptor (Beato 1989), ring finger (Freemont 
1993), and C2H2-type (Pieler and Bellefroid 1994) zinc finger 
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proteins. C2H2-type zinc finger proteins possess two conserved 
cysteines that are part of  an antiparallel beta sheet and two con- 
served histidines which are part of  an alpha-helix, coordinated by 
a central zinc atom to form a globular domain. C2H2 zinc finger 
proteins comprise one of  the largest families of  proteins known, 

1 GA~CACCTTTCAG~GTTA~TGGACACTGCCTCGTTTACACAGAGT~CATA 
54 GTCCATGTGTC~AGAAACCCTTTACCTGCAGGGAGATCAGGAAAGACTTCCTGGCC~C 

114 ATGA~TTTCTCCATC~GACGCCACTCAAACAGGGG~GCCAAAT~CAGT~C~ 
M R F L H Q D A T Q T G E K P N N S N K  20 

174 ~TGC~T~CCT~TACAGT~AAAAAGTCATCAC~CTGGGGAAAAT~AGTAAAGCC 
C A V A F Y S G K S H H N W G K C S K A  40 

234 T~A~CACATAGACACACTTGTTCA~ACCAGAG~TCCTCACTAGAG~ACTTTTT 
~ F S H I D T L V Q D Q R I L T R E G L F  60 

29~ G~CAGTAAA~TGGGAAAGCATGTACGCGAAGATGT~CCTCATTCAGCACCAGAAA 
E C S K C G K A C T R R C N L I O H O K  80 

354 GTCCAC~GAAA~CCTTATG~TGC~TG~TGTGGAAAATTCTTTACCTACTAC 
VH S E E R P Y E C N E C G K F F T Y Y 1 0 0  

414 TCCAGTTTCATTATACATCAGAGAGTTCATACT~AGAAA~CCTTA~CG~CCCTG~ 
S S F I I H O R V H T G E R P Y A C P E 1 2 0  

474 TGTGGGAAATCGTTTAGTCAGATATACAGCCTC~TAGCCATA~AAAGTTCACACT~A 
q ~ K S F S O I Y S L N S H R K V H T G  140 

534 GAAAGGCCTTATG~TGTGGGG~TGTG~AAATCTTTTAGCCAAAGGTCC~CCTCATG 
E R P Y E C G E C G K S F S O R S N L M  160 

594 CAGCATCGCAGAGTTCACACT~AGAAA~CCTTATG~TGCAGCG~TGTGGGAAATCT 
O H R R V H T G E R P Y E C S E C G K S  180 

654 TTT~CCAAAACTTTAGCCTGATCTACCACCAGAGAGTTCACACTGGAGAAAGACCTCAT 
F S Q ~ F S L I Y H O R V H T G E R P H 2 0 0  

714 GAGTGC~TG~TGTGGAAAATCCTTTAGCCGAAGCTCCAGCCTCATTCACCACC~AGA 
E C N E C G K S F S R S S S L I H H R R 2 2 0  

774 CTTCACACT~AGAAAGACCCTA~AGTGCAGTAAATGTGGG~GTCATTT~GCAAAGC 
LH T G E R P Y E C S K C G K S F K O S 2 4 0  

834 TCCAGCTTCAGTTCACATC~AAAGTCCACACAGG~AAA~CCTTATGTGTGTGGGG~ 
S S F S S H R K V H T G E R P Y V C G E 2 6 0  

894 TGTGGGAAATCCTTTAGCCATAGCTCC~CCTT~G~CCACCAGAG~TTCACACT~A 
C G K S F S H S S N L K N H O R V H T G 2 8 0  

954 GAAAGACCTG~GAG~CAGTG~TGTAGCAAATCCTTTAGCTGTAAATCT~CCTCATT 
E R P V E C S E C S K S F S C K S N L I 3 0 0  

1014 AAACACCTGAGAGTTCACACTGGAGAAAGGCCTTATGAGTGCAGTG~TGTG~AAATCC 
K H L R V H T G E R P Y E C S E C G K S 3 2 0  

1074 TTTAGCCAAAGTTCTAGCCTCATTC~CACCGCAGAGTTCACACGGGAAAAAGGCCTTAT 
F S O S S S L I O H R R V H T G K R P Y 3 4 0  

1134 CAGTGCAGTC~TGTGGGAAATCCTTT~CTGCAAATCTGTCCTCATTC~CACCAGAGA 
Q C S O C G K S F G C K S V L I O H O R 3 6 0  

1194 GTTCACATT~AGAAAAGCCTTAGCTGTACTGAG~TATGC~TTTCCT~TAGTGT~T 
V H I G E K P *  380 

1254 TATACTG~AGTACACCTGTGAGAGAGAC~GTACCTGATTT~GCCCC~CATCT 
1314 ~ATATACAGTGGGCGGATTCCCCTT~G~CCA~TATGTGTTACACTTTCT~CAT 
1374 GCCATTTAGAAAGTGTTAGACT~CTCACC~CCATTTATGGCTCTTGCCGTTTATGTCA 
1434 CTGACAGTTTCTGAGGCAG~GCCGTATCATGTCTACCACCTGTGA~TCCACACAGTGT 
1494 GTATCATTTACC~CTG~CCTGCTC~GG~GCAGACCTCTGCTTCTCCCCATTTGCTA 
1554 G~GAAATCATG~T~TCTG~TCTTCCTCTCTGAC~GTTAGGGCATGGACTTGACCC 
1614 ~CTTTGTGCCAGAG~CCC~TATGAGTGTTGTTGGCAGC~GCC~G~ACTGTCT 
1674 ~TTC~GACATACTGGTTTCATGTGACACCTCCAT~ATTTTTTTCCAGCCTCT~GTC 
1734 ACC~CTTGGG~CTGCTTGTCTCACGTTGCTTTGTTTTTTAC~T~TAAAAGCATTAT 
1794 TATTT~GCTAAAAAACCATTTCACTATCATATTCATC~CGTAAATCT~CTTTCTTCC 
1854 CAC~CACTTTCTC~CCTATCCGG~TGCCCCGACGTTACTCGGACTACCCCGATGCAT 
1914 ACACCACATGAAACATCCTATCATCTGTA~CTCATTCATTTCTCT~CAGCAGT~TAT 
1974 T~T~TTTTCATGATTTGAG~GCCTTCGCTTCG~GCGAAAAGTCCT~TAGTAG~G 
2034 ~CCCTCCATAAACCT~AGTGACTATATGGATGCCCCCCACCCTACCACACATTCG~G 
2094 ~CCCGTATACATAAAAT 2111 

A 

Fig. 1. (A) Nucleotide and deduced amino acid sequence of C2H2-25. 
C2H2-25 cDNA was isolated from a human hippocampus library (Strata- 
gene #936205, La Jolla, Calif.) with a degenerate oligodeoxyribonucleotide 
probe made against a conserved domain common to C2H2-type zinc finger 
proteins (Becker et al. 1995). The clone was sequenced in both directions 
following creation of nested deletions on an Applied Biosystems 373A 
automated sequencer. The nucleotide and amino acid sequence was com- 
piled with GCG software and compared with the non-redundant database at 
NCBI, National Library of Medicine, by use of the Blast algorithm. The 
nucleotide (left) and amino acid (right) sequences are numbered in the 
margins. The C2H2-type zinc finger domains are underlined. The sequence 
appears in Genbank (accession # U38904). (B) Amino acid comparison of 
C2H2-25, ZNF-132, and ZNF-134. Amino acid identity is denoted by a 
dash. 

C2H2-25 CSKCGKACTRRCNLIQHQKVHSEERPYECNECGKFFTYYSSFIIHQRVHTGERPYACPECGKSFSQIYSLNSHRKVH 
ZNF 134 -L---R-FSQSS-FLR ..... TQV ..... SQ---S-SRS-ALIQ-W ..... E---E-SE--RA-NNNSN-AQ-Q--- 
ZNF 132 --E---TFS-KD--T--KRI-TG-M--K ...... Y-SHH-NL-V ..... N-A---K-SD---V-RHKST-VQ-ESI- 

C2H2-25 TGERPYE•GECGKSF•QRSNLMQHRRVHTGERPYECS•CGKSFSQNFSLIYHQRVHTGERPHE•NECGKSFSRSSSLI••RRLH 
ZNF 134 ..... '--'---''---'-'-'-," ....... '--''---'--''''--.--" .... Q--Y--SE-R-S ........ Q-W-I- 
ZNF 132 ---N--D-SD ..... GHKYT-IK-Q-I--ESK-F--I .... F--RSSDY-A .......... .-..---,-,-,-.-.-.-.- 

C2H2-25 TGERPY•CSKCGKSFKQSS•F•SHRKVHTGERPYVCGE•GKSFSHSSNLKNHQRVHTG•RPVECSECSKSFS•KSNLIKHLRVH 
ZNF 134 ---K ..... E---A-AH--TLIE-WR---K .... E-N .... F--QN-I-IK--K ..... K-YK .... G-F--R--S--C-W--- 
ZNF 132 ......... E---AYSL--HLNR-Q .... AG-L* 

C2H2-25 TGERPYECSECGKS FSQSS SLI QHRRVNTGKRPYQCSQCGKS FGCKSVLI QHQRVH I GEKP* 
ZNF 132 ............ RA--SN-H-VR-Q .... QE---E-I .... A- SER-T -VR--K- -TR-RTYECSQCGKLFSHLCNLAQHKKI HT* 
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with an estimated 300-500 genes in the human genome (BeUefroid 
et ai. 1989). The protein family is typified by the RNA polymerase 
III transcription factor TFIIIA (Ginsberg et al. 1984; Brown et al. 
1985; Miller et al. 1985) and the gap gene product Kruppel (Schuh 
et al. 1986). 

The function of most C2H2-type zinc finger proteins is un- 
known. However, individual proteins have been shown to be im- 
portant in development, tumorigenesis, RNA metabolism, and 
chromatin assembly. Some C2H2 zinc finger proteins are believed 
to affect gene expression through sequence-specific binding to 
DNA and/or RNA and through protein-protein interactions (Lee et 
al. 1993). In addition to the conserved zinc finger domain, some 
C2H2-type zinc finger proteins contain the conserved amino acid 
sequence TGEKP between adjacent fingers (Schuh et al. 1986), as 
well as KRAB (Bellefroid et al. 1991), POZ/tramtrack (Harrison 
and Travers 1990), and homeodomains (Fortini et al. 1991) found 
outside of the zinc finger domain. Recently, we reported the iso- 
lation of 118 novel C2H2-type zinc finger encoding cDNAs 
(Becker et al. 1995). Here, we describe the mapping and molecular 
characterization of one of these clones, C2H2-25. 

C2H2-25 cDNA was isolated from a human hippocampus 
cDNA library (Stratagene #936205). The clone was sequenced in 
both directions with an Applied Biosystems 373A automated se- 
quencer following the creation of nested plasmid deletions. The 
C2H2-25 cDNA is 2111 nucleotides long and includes an open 
reading frame of 380 amino acids with a calculated molecular 
weight of approximately 44 kDa. C2H2-25 contains 11 zinc finger 
domains of the C2H2-type, approximately evenly distributed 
throughout the protein coding region of the clone. C2H2-25 cDNA 
contains a 5' untranslated sequence and an initiator methionine, 
and probably represents the full-length clone, as the mRNA size on 
Northern analysis is approximately 2 kb (Fig. 1A). This methio- 
nine is in consensus for a eukaryotic translational start codon, with 
a purine (A) at - 3  and a G at -6 ,  relative to the ATG. 

C2H2-25 is most related by sequence homology to two other 
zinc finger genes, ZNF-132 and ZNF-134. Amino acid compari- 
sons of the zinc finger regions of these three proteins are shown in 
Fig. lB. ZNF-132 and ZNF-134 map to Chromosome (Chr) 
19q13.4 (Tommerup and Vissing 1995) and with C2H2-25 may 
represent a cluster of related zinc finger genes. 

Southern blot analysis was performed in order to determine the 
evolutionary conservation of the gene encoding C2H2-25. This analy- 
sis indicates that the C2H2-25 gene is more highly conserved in 
primates and is also present in other vertebrate species (Fig. 2). 
C2H2-25 gene is not present in drosophila or yeast. Relatively low 
hybridization stringency was used in Southem analyses in order to 
detect the C2H2-25 gene in non-primate vertebrates. At this hybrid- 
ization stringency, C2H2-25, and probably homologous genes, are 
detected in primates. Southern analyses at higher hybridization strin- 
gency with a probe prepared against the 3' UTR of C2H2-25 detected 
a single band in human Southern blots. This supports the idea that the 

Fig. 2. Evolutionary conservation 
of C2H2-25 gene, Southern blot 
analysis. DNA isolated from the 
indicated species (Clontech, Palo 
Alto, Calif.) was digested with 
EcoRI. The DNA (10 ixg/lane) 
was run on a 1% agarose gel in lx 
TBE, and transferred to a nylon 
filter (MSI, Westboro, Mass.). 
C2H2-25 cDNA insert was 
radiolabeled with 32p by random 
printing (Prime-It, Stratagene) and 

used to probe Southern blots in QuikHyb hybridization solution 
(Stratagene) at 68~ Blots were washed twice at room temperature with 
2x SSC, 0.1% SDS, followed by two washes at 60~ with lx SSC, 
0.1% SDS, and autoradiography was performed. Molecular weight 
markers (bp) are indicated on the left. 

Fig. 3. RNA expression of C2H2-25, Northern blot analysis. (A) Tissue 
expression of C2H2-25 RNA. Poly (A) § mRNA (4 ~g) from various adult 
mouse tissues (BR, brain; HT, heart; KD, kidney; LV, liver; MU, muscle; 
PL, placenta; SP, spleen; ST, stomach) was probed with a fragment con- 
taining the complete coding sequence of the C2H2-25 cDNA. (B) Devel- 
opmental expression of C2H2-25 mRNA. Poly (A) § mRNA from different 
embryonic mouse developmental stages was probed with the complete 
coding sequence for the C2H2-25 cDNA. Body and head samples are 
shown. The gestational age is given in days. Adult liver (AL), adult pla- 
centa (AP), and adult brain (AB) are also shown. In both Frames A and B, 
GAPDH cDNA was used to probe Northern blots as a control for the 
amount of RNA loaded in individual lanes and the integrity of the RNA. 

C2H2-25 gene exists as a sihgle copy in the human genome (L. 
Stubbs, personal communication). Northern blot analysis indicated 
that C2H2-25 is ubiquitously expressed in all adult mouse tissues 
examined (Fig. 3A). In addition, C2H2-25 is expressed early during 
mouse development, increases in expression during development, and 
is expressed at maximal levels in adult tissues (Fig. 3B). 

The gene encoding C2H2-25 was mapped to Chr 19 by PCR 
analysis of the NIGMS human-rodent somatic cell hybrid panel #1 
and the monochromosomal NIGMS human-rodent somatic cell 
hybrid panel #2 (NIGMS, Camden, N.J.) (Polymeropoulos et al. 
1991). The map location on Chr 19 was sub-localized by PCR 
amplification of a contigued Mega Yac library (Research Genetics, 
Huntsville, Ala.) (Berry et al. 1995). C2H2-25 is contained on the 
YAC 965 C 8. This YAC also contains the marker D19S218, 
whose cytogenetic location has been determined to be 19q13.4. 
We have used the following primers located in the 3'  UTR of 
C2H2-25 in the PCR analyses described above to map the location 
of the C2H2-25 gene: 5 ' -TGTCACTGACAGTTTCTGAGGCAG- 
3'; 5 ' -GTCAGAGAGGAAGACTCAGACTAT-3 ' .  In support of 
our mapping data, others have independently mapped C2H2-25 to 
human Chr 19q13.4 by somatic cell hybrid analysis with primers 
from the 3' UTR of C2H2-25 (L. Stubbs, personal communica- 
tion). Many C2H2-type zinc fingers have previously been shown 
to be important in developmental processes. A number of devel- 
opmental anomalies have been mapped to 19q including autosomal 
nonsyndromic sensorineural deafness (19q; Chen et al. 1995), oro- 
facial cleft-3 (19q 13; Stein et al. 1995), cone-rod retinal dystrophy 
(19q13.1-q13.2; Evans et al. 1994), and retinitis pigmentosa-II 
(19q13.4; At-Maghtheh et al. 1994). Thus, aberrant expression of 
C2H2-25 may contribute to these developmental anomalies. 
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